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1.0 SCOPE 
This document describes the design for the Front End (FE) Medium Energy Beam Transport (MEBT) 
Quadrupole magnets for the Spallation Neutron Source (SNS).  It references all relevant technical notes , 
specifications, and part and assembly drawings which describe the magnet fabrication and performance 
requirements. 
 
1.1 Design Requirements 
 
The MEBT contains eight magnets with an aperture diameter of 32 mm and six magnets with an aperture 
diameter of 42 mm.  Tech. Note FE-PH-026 [1] specifies the required nominal gradient, aperture, and 
effective length for each magnet.  The gradients range from approximately 16 to 34 T/m for 32 mm bore 
magnets and 12 to 26 T/m for 42 mm bore magnets.  Tech. Note FE-PH-031 [2] specifies the required 
tuning range for the magnets over and above nominal operating gradients.  The closely packed MEBT 
lattice leaves very little longitudinal space for quadrupoles.  The magnets were designed to have an 
effective magnetic length of 6 to 7 cm. 
 
1.2 Magnet Description 
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The magnets have a 4.5 cm thick solid core of low carbon steel  which is assembled out of four quadrants.  
The right and left halves are bolted and pinned together such that the magnet can be assembled around the 
beam pipe.     
 
 
The nominal operating currents of the magnets range from 100 to 400 Amps at voltages from 3 to 10 
volts.  The nominal temperature rise in the cooling water ranges from 2 to 12 ?C.  The nominal and 
maximum values for electrical and mechanical parameter are tabulated for all of the magnets in Tech. 
Note FE-ME-022A [3]. 
 
Six of the fourteen MEBT quadrupoles have back-leg, steering corrector coils.  These coils provide a 
steering correction of one to two milliradians.  The steering coils are described in Tech. Note. FE-ME-013 
[4]. 
 
1.3 APT/LEDA Prototypes 
 
The MEBT quadrupole magnet is based on a magnet designed at Los Alamos National Lab (LANL) for 
the APT/LEDA project by Ted Hunter. 

 
APT/LEDA CCDTL 3.2 cm Bore Quadrupole (Prototype built by MCT Industries) 

 
In collaboration with MCT Industries in Albuquerque, LANL developed tooling and procedures for 
winding and epoxy impregnating the quadrupole coils and a technique for fabricating and assembling the 
steel yokes.  With the exception of fiducial notches and mounting surfaces on the corners, the steel core is 
very similar to the LANL design.  The quadrupole coils are identical to those developed by LANL except 
that the leads are one inch longer. 
 
LANL built both 3.2 and 4.8 cm bore prototype magnets with the same main coils and similar steel 
geometry.  Magnetic measurements were performed on both prototypes.  Tests were performed which 
showed good repeatability of measurement results between two identical magnets and before and after 
disassembly about the vertical centerline [8] [9] [10]. 
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2.0 MAGNETIC ANALYSIS 
 
2.1 APT/LEDA Prototype Measurements 
 
Because the design is based closely upon the APT/LEDA magnet, very little magnetic analysis was 
performed.  The pole tip geometry is nearly identical for the 3.2 cm bore magnet and similar for the 4.2 
cm bore geometry to prototype magnets.  Magnetic measurements showed the field quality of all of the 
LANL prototypes (better than 99 percent quadrupole at 90 percent of the aperature) to be adequate to suit 
the field quality requirements for the MEBT quadrupoles [9] [10].   
 
2.2 Dependence of Emittance Growth on Field Quality 
 
An FEA analysis was performed of the 4.2 cm MEBT quadrupole which determined that the growth in 
emittance of the beam due to multipole field components was well within acceptable limits.  The analysis 
and results are described in FE-ME-021 [6]. 
 
The emittance growth resulting from the sextupole component of the dipole steering fields is discussed in 
Tech. Notes FE-ME-013 [4] and FE-PH-027 [5]. 
 
3.0 MECHANICAL DESIGN 
 
The magnet was designed such that all components of the assembly would be identical, regardless of the 
bore size of the finished magnet, with the exception of the pole tip profiles. 
 
3.1 Steel Core 
 
The mating and external surfaces of the four core quadrants are machined separately and then bolted and 
pinned together.  The pole tips, fiducial notches, and mounting surfaces are cut into the assembly using a 
wire EDM machine to a profile tolerance of .001 in. The quadrants are then disassembled and electroless 
nickel plated. 
 
3.2 Quadrupole Coils 
 
The quadrupole coils consist of twelve turns of  .1875 in. square conductor with a .125 in. cooling hole.  
The overall length of the coils, less than 7 cm, enables the magnets to fit into the narrow gaps in the 
beamline between adjacent components. The conductor is half-lapped with kapton tape and then wound 
onto a mandrel.  After winding, the coils are impregnated with epoxy and cured at room temperature. 
 
3.3 Steering Coils 
 
The vertical and horizontal steering coils are wound out of square wire with heavy build insulation.  The 
coils will be wound on a mandrel and painted with an epoxy during winding.  The epoxied winding will 
be wrapped with an insulating tape to form a finished coil. 
 
3.4 Copper Conductor Flags and Bus Bar 
 
The bus bar and copper flags have been sized such that the maximum current flowing through any given 
cross-section is less than 1000 A/in^2.  All flags are fastened with two bolts; one through the delrin 
insulating bracket and the other fastening directly to the next flag. Bellville washers are included in all the 
bolted joints between flags. 
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3.5 Power Cables 
 
Because the maximum operating current of some of the magnets could be in excess of 400 Amps, the 
power flags can accommodate two 200 Amp capacity stranded cables (0000 cable).  The power cable 
bracket provides strain relief to the cable connections and can bolt to the insulating bracket on either side 
of the magnet. 
 
4.0 POWER SUPPLIES 
 
4.1 Main Coil Power Supplies 
 
There are a total of eleven main coil power supplies.  All magnets on the first and third raft have individual  
power supplies while those on the second raft are powered in pairs in series. The power supply regulation 
will be 0.1 percent or better.  The main coil power supply operating ranges are given in FE-ME-022A [3].  
 
4.2 Steering Coil Power Supplies 
 
There are a total of twelve steering coil power supplies.  The first and last magnets on each of the three 
rafts have horizontal and vertical steering dipole windings.  Each steering magnet will have a separate 
supply powering pairs of steering coils in series in each plane.  The power supply regulation will be 0.1 
percent or better. The steering coil power supply operating ranges are given in FE-ME-013 [4].  
 
5.0 FABRICATION DOCUMENTS 
  5.1 Drawing List 
 

ITEM TITLE LBNL DWG NO. 
1 Half Union Plug         24D093_3 
2 Steering Coil Mandrels         25B101_6_A 
3 Assembly Shipment Box         25B102_6 
4 CMM Inspection Data         25B103_6 
5 Quad Fixture Layout         25B104_6 
6 Plating Shipment Box         25B105_6 
7 Plating Specification Drawing - Coil Assembly         25B106_4_A 
8 Narrow Lower Flag         25B120_4 
9 Center Overlapping Flag         25B122_4_A 
10 Crossbar         25B123_4 
11 Fitting, Modified         25B124_4_B 
12 Insulator Block         25B125_4_A 
13 Pole Piece - Top         25B126_4_F 
14 Pole Piece - Bottom         25B127_4_D 
15 Left Coil Winding         25B128_4_A 
16 Right Coil Winding         25B129_4_A 
17 Pole Piece Assembly - LH         25B132_4_B 
18 Pole Piece Assembly - RH         25B133_4_B 
19 Pole Piece Assembly -  32 MM Aperture         25B134_6_D 
20 Pole Piece Assembly -  42 MM Aperture         25B136_6_D 
21 Jumper Bar Flag         25B140_4_A 
22 Jumper Bar          25B141_4_A 
23 L-Shaped Bus Bar         25B142_4_B 

Peter  A Luft
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ITEM TITLE LBNL DWG NO. 
24 Straight Bus Bar         25B143_4_A 
25 Thermostat Mounting Plate         25B144_4_B 
26 Thermostat Assembly         25B145_4_B 
27 Vertical Steering Coil         25B146_4_B 
28 Horizontal Steering Coil         25B147_4_B 
29 Upper Left Coil Assembly         25B148_4_E 
30 Upper Right Coil Assembly         25B149_4_E 
31 Lower Left Coil Assembly         25B150_4_E 
32 Lower Right Coil Assembly         25B151_4_E 
33 Modified Terminal Block [OBSOLETE]         25B152_4 
34 Power Cable         25B153_4 
35 Ground Cable         25B154_4 
36 Power Cable Bracket          25B155_4_A 
37 Cable Bracket Strap         25B156_4 
38 32 MM Aperture Quadrupole with Steering         25B157_6_D 
39 32 MM Aperture Quadrupole w/o Steering         25B158_6_D 
40 42 MM Aperture Quadrupole with Steering         25B159_6_D 
41 42 MM Aperture Quadrupole w/o Steering         25B160_6_D 
42 Left Coil Winding - Terminal Detail         25B161_4 
43 Right Coil Winding - Terminal Detail         25B162_4 
44 Power and Water Connections         25B418_6 
45 Terminal Block Wiring         25B419_3 

 
5.2 Fabrication Specifications 
 

SPECIFICATION TITLE BERKELEY LAB  
SPEC. NUMBER 

Quadrupole Magnet Fabrication and Assembly M912 
Copper Magnet Conductor M919 
Kapton Insulation for 0.187 Square by 0.125 ID Copper Conductor M920 
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MEBT Quadrupole Locations 
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